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The growth process of cell enlargement is observed in the
coleorhiza-epiblast of 1-day old and 3-day old wheat seedlings
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when they are treated with 10 M separate solutions of
indoleacetic acid, indoleacetic acid + gibberellic acid, and
indoleacetic acid + kinetin. Coleorhiza-epiblast cells appear
ovoid and very small at the end of 24 hours in the indoleacetic
acid + kinetin solution, after which the cells become greatly
enlarged. Apparently, cell division and cell enlargement are
Interdependent growth processes in these observations.
The dimensions of length, width, and height of the coleorhiza-
epiblast are less at day 1 under separate indoleacetic acid
treatments than the dimensions are under indoleacetic acid +
gibberellic acid and indoleacetic acid + kinetin treatments. The
ill
size of the coleorhiza-epiblast Increases dramatically from day 1
to day 3, however, under the separate indoleacetic treatments.
Fresh weights and dry weights of the coleorhiza-epiblast were also
obtained in 1-day old and 3-day old cultures to determine the
extent of growth of this organ under control and hormonal
treatments.
The conclusion is that gibberellic acid and kinetin interact
either antagonistically or augmentatively at different points in
time with indoleacetic acid during coleorhiza-epiblast growth.
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A plant hormone may be defined as an organic compound that Is
synthesized in one part of a plant and transported to another part
where only very small quantities are needed to elicit morphological
and physiological effects. The coleorhiza-eplblast, a sheath that
encloses the radical in the embryo of wheat, demonstrates a
pronounced growth response to exogenous indoleacetic acid (lAA).
The reproducibility of this growth response and the fact that the
coleorhiza-epiblast is externally located during wheat germination
allows it to serve as a tool on which to study interactions among
plant hormones. Haber (1962) reported that this organ grows
excessively by cell enlargement independent of cell division in the
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presence of 10 M lAA with a concomitant inhibition of shoot
elongation and seminal root elongation. These growth effects may or
may not vary if other plant hormones are present, notably gibberelic
acid (GA and kinetln (Kn)).
Gibberelic acid (GA) promotes growth primarily by cell
elongation (Hayashi, 1953; Haber and Lulppold, 1960a; Salisbury and
Ross, 1969). Arney and Mancinelli (1966) concluded, however, that
GA stimulated growth of Meteor pea stems by cell division.
Subsequent elongation of the cells was reasoned to be due to
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Increased auxin production in the apical and subaplcal meristems.
Greulach and Haesloop (1958) determined that cell division was
responsible for elongation of the third internode in Phaseolus
vulgaris. The growth process elicited by GA therefore lacks
clarity. Considering that cell division and cell enlargement are
not Independent growth processes, the following questions may be
raised regarding wheat growth: (1) Is cell division tantamount to
cell enlargement? (2) Is lAA-induced growth augmented in the
presence of Kn? (3) Does GA interact antagonistically or
augmentatively with lAA? (4) Are the effects of these interactions
stable?
The purpose of this investigation, therefore, is to determine
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the effects of exogenous lAA (10 M), applied separately and in
combination with identical concentrations of GA and Kn, on the
following: (a) Growth process(es) responsible for coleorhiza-
epiblast growth, (b) Extent or degree of coleorhiza-epiblast
growth, (c) Extent of shoot elongation and root elongation.
Determinations are made after 1 and 3 days of growth to ascertain
if the observed effects are short term or long term.
CHAPTER II
REVIEW OF LITERATURE
The effects induced by auxins, gibberellins, and cytokinins
during plant growth and development have been an active field of
research for decades. Cell division and cell enlargement are
Interdependent processes. The predominance of one process to the
other during growth, however, has not been completely resolved.
Sachs, Bretz, and Lang (1959) found that GA stimulated mitotic
activity in the subapical regions of two rosette plants, Hyoscyamus
and Samolus. Haber and Luippold (1960a) determined that cell
division was completely absent after wheat grain was exposed to 612
kr of gamma irradiation. They concluded that subsequent growth of
the grain must have, therefore, resulted from cell expansion only.
♦
It was suggested by Foard and Haber (1961) that an increase or a
decrease in mitotic activity does not result in differential growth
of organs in the plant body. Maksymowych (1963) determined that
cell division does not stop at the same time in all parts of the
developing leaf blade of Xanthium pensylvanicum. The significant
drop in the number of cells per unit area in the blade tip was
reasoned to be due to a cessation of cell division and the
initiation of cell enlargement.
Haber (1962) reported that mitotic activity is inhibited in
thermodormant lettuce seed by lAA when Kn is absent. The added
presence of Kn Increased mitotic activity. According to Wilson and
Loomis (1967), cell enlargement may be very pronounced if
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minerals, sugar, and lAA are supplied to cells in sterile culture.
The addition of a cytokinin to these cells results in cell division
as well.
The accepted concept that cell enlargement is the primary
effect of GA was questioned by Arney and Mancinelli (1966).
Histological results from Meteor pea internodes suggested that GA
principally stimulated cell division in apical and subapical
merlstems. These workers concluded that any cell elongation
resulting from GA treatment was a consequence of increased mitotic
activity that produced more auxin in the merlstems. Gibberellin and
auxin, according to Katsuml, Phinney, and Purves (1965), are
required for normal growth of cucumber hypocotyls. Kazama and
Katsuml (1974) reasoned that GA pretreatment of cucumber hypocotyl
sections sensitizes the cells for subsequent auxin action on cell
elongation. Greulach and Haesloop (1958) conducted an anatomical
study of the third internode of Phaseolus vulgaris. Longitudinal,
tangential, and radial diameters.of cells were measured from the
cortical parenchyma and pith. Their results suggested that
Increased cell division may have been the principal factor involved
in GA growth promotion. The workers' general conclusion was that
the effect of GA needs re-evaluation.
Toole et al. (1956) reported that, under favorable growth
conditions, cells originally present in the com seed embryo undergo
cell expansion followed by cell division. Evenari et al.
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(1957) determined that mitotic activity occurred simultaneously with
cell elongation during lettuce seed germination. It was determined
by Caldecott et al. (1952) that cell expansion preceded cell
division by several hours in barley and by several days in the broad
bean.
Effect of lAA on growth of excised tobacco pith tissue was
studied by Naylor et al. (1954). Nuclear divisions were apparent at
42 hours and reached a maximum at 70 hours, followed by a rapid
expansion of the cells. Excised tobacco pith tissue, whether in the
absence or presence of LAA, did not undergo any cell division
(Jablonski and Skoog, 1954). The cells enlarged decidedly in the
presence of optimal concentrations of lAA (2-3 mg/1). Cell division
occurred only when the pith tissue was in contact with vascular
strands. Haber and Lulppold (1960b) concluded that Kn and its
analogues (6-benzylthiopurine and 6-benzylaminopurine) accelerated
mitosis and cell division in radicles of dormant lettuce seed.
Growth resulting from cell expansion was absent in embryos of the
dormant or nongermlnated lettuce seeds. These workers concluded
that Kn stimulates the onset of mitosis in interphase cells but does
not affect the subsequent course of mitosis nor the chromosomes.
Growth of the coleorhiza-epiblast in irradiated and unirradiated
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wheat seedlings is Independent of cell division when 10 M lAA is
applied (Haber, 1962).
Callebaut (1980) found that gamma irradiation lowers the
endogenous levels of gibberellins in pea epicotyls. Exogenous
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applications of GA restored endomitotic DNA synthesis and cell
elongation.
The growth rate of whole plants does not represent a continuous
continuum of physiological events. Individual leaflets of palmate
leaves of Aesculus grow in area and in length at different rates
(Moore, 1979). He also found that the shape of the dlcot leaf
lamina in tobacco is determined by differential growth in different
parts of this organ. The endogenous level of GA in Alaska pea
shoots plays an Important role on the effect of exogenous GA
applications on shoot elongation (Ecklund and Moore, 1968).
Gibberellic acid was applied to the shoot tip at 3, 6, and 9 day
Intervals after planting, and shoot height was measured daily from
day 3 to day 13. The workers learned that seedlings treated at 3
days demonstrated pronounced shoot elongation, but sensitivity to
exogenous GA decreased as development progressed. It was concluded
that the Increased rate of endogenous GA synthesis during the linear
growth phase was responsible for the decreased effect of exogenous
GA. The rapid decline in growth rate subsequent to the linear phase
of growth was reasoned by them to be due to a slower rate of GA
synthesis, resulting in irreversible catabolic processes in the
shoot apex.
There are plants that exemplify a diurnal periodicity in shoot
growth, with shoot elongation being greatest during the night than
during the day (Black and Shuttleworth, 1976).
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Vanderhoef and Dute (1981) proposed that auxins regulated both wall
loosening and the supply of wall materials in elongation of soybean
hypocotyl segments.
Growth of pea root sections are inhibited by low concentrations
of lAA (Chadwick and Burg, 1966). lAA, according to these workers,
effectuated this inhibition by inducing the formation of ethylene




Wheat seeds, Triticum vulgare, var. Lemhi, were placed on two
paper towels in 21x11x6 cm ovenware dishes containing 14 ml of
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distilled water or 10 M of one of the following test solutions (pH
5.7): lAA, lAA + GA, and lAA + Kn. Each dish was covered with a
glass plate and placed in an environ room under 415 ft-c of white
light. The environ room temperature was 33 C during 18 hr of light
and 24 C during the absence of light.
All work was done in duplicate batches of 60 seeds. The first
batch of seeds representing a control or test culture was placed in
the environ room, followed by a second batch 8-10 hr later. Each
batch remained in the environ room for an incubation period of
either 1 day or 3 days, according to the growth period under
investigation.
Analysis of each batch consisted of excising the coleorhiza-
eplblast from 5 seedlings with a razor and placing the coleorhiza-
epiblast tissue on a glass slide in a drop of acetocarmlne (Jensen,
1962). The preparation was gently heated over an alcohol lamp,
covered with a cover glass, and observed with the light microscope
to determine if cell division and/or cell enlargement was apparent.
Gross morphological dimensions were then determined with a ruler,
which consisted of macroscopic measurements in cm of shoot length,
root length, and the length, width, and height of the coleorhiza
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eplblast from each of ten other seedlings within the same culture.
The coleorhiza-epiblast was excised and discarded after its
dimensions were determined and the length of the five seminal roots
from each of the ten seedlings was measured.
Fresh weights and dry weights of the coleorhiza-epiblast were
also determined to provide information on the extent of growth of
this organ as induced by lAA, lAA + GA and lAA + Kn. The
coleorhiza-epiblast of a 1-day old culture was excised with a razor
from each of twenty randomly chosen seedlings, placed on a sheet of
weighing paper, and immediately weighed on the Sartorius balance for
a determination of fresh weight. The same procedure was followed
with a second culture and averages of both obtained by adding the
weight determinations of the coleorhiza-epiblast from the twenty
seedlings of each culture and dividing by 20 (the number of seed¬
lings sampled). The sum of the averages was obtained and then
divided by 2 (representing duplicate cultures) for a determination
of the average weight of the coleorhiza-epiblast in both cultures.
This practice was repeated for 3-day old cultures.
The coleorhiza-epiblast from another set of twenty randomly
chosen seedlings in each of the above cultures was excised for a
determination of dry weight. The tissue was placed in open top
vials (1-1/2 in x 3/4 in x 1 in) that were lined with Saran wrap.
The vials were placed in an incubator for 48 hr at 80 C and




Growth of the Coleorhlza-eplblast:
Cell Division vs« Cell Elongation
The growth of the coleorhlza-eplblast from control, lAA, lAA +
GA, and lAA + Kn treated wheat seedlings was due to cell enlargement
and cell division. The cells under lAA + Kn treatment were oval and
much smaller (Fig. 1). There was a pronounced Increase In the size
of these cells from day 1 to day 3.
Indoleacetlc acid (lAA) and GA appear to work In concert to
affect the size of the cells of the coleorhlza-eplblast. These two
plant hormones elicit their effect on cell enlargement with neither
appreciably altering the effect of the other over a three day
Incubation period. Cell size data are based on light microscopic
observations of the cells and not on comparative measurements of
each.
It was determined during the Investigation that cell division
and cell enlargement were the growth processes responsible for
overall coleorhlza-eplblast growth when tissue squashes were
observed at days 2 and A as well. Multlnucleated cells In the
coleorhlza-eplblast tissue were observed at day 1 under the combined
lAA + Kn treatment and at day 3 under the combined lAA + GA




Gross Morphological Dimensions of Coleorhlza-eplblast
Table 1 shows the length of the coleorhiza-epiblast at day 1
and day 3 under several experimental treatments. Dimensions of the
coleorhiza-epiblast in the controls are greater at day 1 than in
either of the test solutions. Width and height (0.19 cm and 0.15
cm) decrease after day 1 in the controls to 0.13 cm and 0.10 cm,
respectively. There is a slight Increase in length after day 1 in
the controls, 0.22 cm to 0.23 cm. Coleorhiza-epiblast length at
day 1 in the control is slightly greater (0.22 cm) than the length
in the lAA and GA treatment at this same stage (0.20 cm). The
length at day 3 (0.31 cm) under lAA + GA treatment is significantly
less than the length resulting from separate lAA treatments (0.37
cm).
Width of the coleorhiza-epiblast (0.10 cm) at day 1 under lAA
separate treatment is very similar to the width resulting from lAA
+ GA treatment (0.11 cm). Neither hormone appreciably augments the
other regarding coleorhiza-epiblast width at day 1. Antagonism
between these two hormones is evident; however, from day 1 to day 3
based on the greater increase in width under lAA separate treatment
(Table 1).
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Table 1. Gross dimensions (length, width, and height) of the
coleorhiza-epiblast at the end of first and third day of







Control lAA lAA-KIA lAA+Kn
Length 3 0.23 0.37 0.31 0.32
1 0.22 0.12 0.20 0.21
Width 3 0.13 0.45 0.39 0.36
1 0.19 0.10 0.11 0.14
Height 3 0.10 0.43 0.32 0.33




Height of the coleorhiza-epiblast at day 1 in the water control
is greater (0.15 cm) than the height demonstrated by lAA and GA
combination treatment (0.05 cm) as well as by lAA separate treatment
(0.03 cm). Growth in height is slightly greater under lAA + GA
treatment (0.05 cm) at day 1 than under lAA separate treatment (0.03
cm). Height of the coleorhiza-epiblast Increases substantially,
however, from day 1 to day 3 in the combination treatment and the
lAA separate treatment. This increase is much greater in the latter
(Fig. 2). Thus, GA exemplifies a dual role during its interaction
with lAA: (a) Growth is greater up to day 1 under lAA + GA
treatment than it is under lAA separate treatment, (b) growth is
less after day 1 under lAA + GA treatment than it is under lAA
separate treatment. This duality of growth expression is
discernible as a result of the duration of the incubation period.
Although there is an overall positive interaction between lAA and GA
on coleorhiza-epiblast height at day 1 and day 3, the extent of
stimulation of this organ in height is much greater (0.43 cm vs.
0.32 cm) after day 3 under lAA separate treatment (Table 1).
Coleorhiza-epiblast length, width, and height at day 1 and day
3 under lAA + Kn treatment are very similar to the results
determined for lAA + GA (Table 1). All three dimensions at day 1
under lAA + Kn treatment were slightly greater than those under lAA
+ GA treatment. Moreover, lAA + Kn stimulates growth of the
coleorhiza-epiblast up to day 1 better than lAA separate treatments
(Table 1). Growth is significantly greater in all dimensions,
however, from day 1 to day 3 under lAA separate treatments.
Fig. 2. lAA-induced tumor in wheat. Tumor represents excessive
growth of coleorhiza-epiblast (C-E).
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Effects of lAA + GA and lAA + Kn on dimensional growth of the
coleorhiza-epiblast represent a definite pattern which is the
reciprocal of that demonstrated by separate lAA treatments for day 1
and day 3. There is a delayed effect on coleorhiza-epiblast growth
under separate treatments with lAA up to day 1, after which the
acceleration of growth greatly surpasses that of both hormonal
combination treatments*
Coleorhiza-epiblast; Fresh Weight
Besides a dimensional indication of growth of the coleorhlza-
eplblaast as Induced by lAA, lAA + GA, and lAA + Kn, fresh weights
of this organ were also determined to indicate the extent of growth
under the three hormonal treatments. Fresh weight of the
coleorhiza-epiblast at day 1 (Table 2) in the water control is less
-4
(1.6 X 10 g) than the fresh weight resulting from lAA separate
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treatments (1.9 x 10 g) and greater than the fresh weight resulting
from lAA + GA treatments (6.2 x 10 ^g). Increase in weight due to
water uptake is nonblased in this investigation, as all seedlings
were exposed to equal volumes (14 ml) of water or test solution.
Although dimensional data of the coleorhiza-epiblast in the
controls indicate a decrease in width and height after day 1, the
fresh weight of this organ Increases from day 1 to day 3 (Table 2).
The rate of increase in fresh weight of the coleorhiza-epiblast in
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Table 2. Fresh weight^ of the coleorhiza-epiblast of wheat at day
1 and day 3 under water control, lAA, lAA + GA, and lAA +
Kn treatments.
Growth Period Treatments
(days) Control lAA lAA-KJA lAA+Kn
3 3.05xl0"^g 5.08xl0"^g 1.33xl0"^g 1.03xl0"^g
1 1.62xl0"^g 1.95xl0"^g 6.20x10 ^g 5.20xl0"^g
Represents the average between duplicate cultures for each growth
period.
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the control is not as great as the rate under the three hormonal
treatments. Furthermore, the actual extent of growth of the
coleorhiza-epiblast at day 3 under lAA, lAA + GA and lAA + Kn
treatment is greater than the extent of growth shown in the controls
(Table 2).
Fresh weight of the coleorhiza-epiblast under lAA separate
treatment is greater at both day 1 and day 3 than the fresh weight
under lAA + GA and lAA + Kn treatments (Table 2). The fresh weight
increase between day 1 and day 3 under lAA separate treatment is 4.8
-3
X 10 g, which exceeds the fresh weight increase of lAA + GA (1.2 x
-3 -4
10 g) and lAA + Kn (9.8 x 10 g) treatments. The fresh weight at
day 1 and day 3, as well as rate of fresh weight increase from day 1
to day 3, are greater under lAA + GA treatment than lAA + Kn
treatment.
Coleorhiza-epiblast; Dry Weight
The dry weight of the coleorhiza-epiblast in the water control
at day 1 exceeded the dry weights under lAA, lAA + GA, and lAA + Kn
treatments at day 1 (Table 3). There was only a slight increase of
dry weight in the controls from day 1 to day 3 (6.0 x 10 ^g to 6.2 x
10 ^g), an Increase far less than that demonstrated for the fresh
-4 -4
weight of the controls (1.62 x 10 g to 3.05 x 10 g). The increase
of coleorhiza-epiblast dry weight from day 1 to day 3 in the
controls is also less than the dry weight increase under lAA, lAA +
GA, and lAA + Kn treatments (Table 3).
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Table 3. Dry weight^ of the coleorhiza-epiblast of wheat at day 1
and day 3 under water control, lAA, lAA + GA, and lAA + Kn
treatments.
Growth Period Treatments
(days) Control lAA IAA4GA lAA+Kn
3 6.2x10 4.65xl0"^g 3.82xl0“^g 1.45x10 ^g
1 6.0x10 5.00xl0"^g 1.50xl0"^g 1.00xl0"^g
^
Represents the average between duplicate cultures for each growth
period.
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Dry weight of the coleorhiza-epiblast under lAA separate
treatment is greater at both day 1 and day 3 than the dry weight
resulting from lAA + GA and lAA + Kn treatments. The degree of
-4
increase in dry weight from day 1 to day 3 (4.1 x 10 g) under
separate lAA treatments also exceeded the degree of increase under
lAA + GA (3.6 X 10 ^g) and lAA + Kn (1.3 x 10 ^g) treatment. Dry
weight of the coleorhiza-epiblast under LAA + GA treatment (Table 3)
is greater than the dry weight resulting from lAA + Kn treatment at
both day 1 and day 3. The degree of increase in dry weight of the
coleorhiza-epiblast from day 1 to day 3 is also greater under lAA +
-4
GA treatment (3.6 x 10 g) than under lAA + Kn treatment (1.3 x
Shoot Elongation
Shoot height at day 1 under water controls was greater than the
height resulting from all hormonal treatments (Table 4). lAA + GA
stimulated shoot growth more than lAA separate treatments at day 1
and day 3.
Shoot height is even greater at day 1 and day 3 under lAA + Kn
treatment. This positive interaction is even more amplified as it
is far greater than thhe control at day 3 (2.46 cm vs. 2.04 cm).
lAA + Kn stimulation of shoot elongation in wheat is greater at both
day 1 and day 3 than the stimulation resulting from lAA + GA
treatments and separate lAA treatments.
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Table 4. Effect of lAA, lAA + GA
in wheat at two periods




o Shoot Height® (cm)
Growth Period (Days)
Day 1 Day 3
lAA 0.13 1.28
lAA + GA 0.17 1.51
LAA + Kn 0.23 2.46
Water 0.25 2.04
^ach number represents average shoot height from two cultures of
seedlings. Ten seedlings were sampled from each culture.
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Root Elongation
Each wheat seedling that demonstrates excessive and
disorganized coleorhlza-eplblast growth also exemplifies decreased
root elongation. One may therefore ask whether Kn or GA, when
combined with lAA, will Increase or decrease the extent of root
elongation? Moreover, will the hormonal effects resemble those
observed for the shoot height and coleorhlza-eplblast dimensions?
These questions were answered by measuring the lengths of the
five seminal roots from 120 seedlings representing two batches each
of day 1 and day 3 cultures. Both growth periods (day 1 and day 3)
were under separate lAA, lAA + GA, and lAA + Kn treatments. The
roots were designated as primary, secondary right, secondary left,
tertiary right, and tertiary left for descriptive continuity
purposes. The spatial relationship of the coleorhlza-eplblast to
the seminal roots Is noted In Figure 3.
Primary root elongation was greatest In water control
treatments ata day 1 and day 3 than In either hormonal treatment
(Table 5). Separate treatments with lAA and lAA + Kn had similar
stimulatory effects on the degree of root elongation throughout the
three day period of growth. Length of the primary root was 0.08 cm
In the separate lAA treatment at day 1 anad 0.14 cm In this same
hormonal treatment at day 3. lAA + Kn Induced a primary root length
of 0.09 cm at day 1 and one of 0.14 cm at day 3. Indoleacetlc acid
(lAA) + GA demonstrated less Inhibition of primary root elongation
(Table 5) than lAA + Kn and lAA separate treatments at day 1 and
day 3.
Fig. 3. Seven day old wheat seedling from a control culture. Note
the extensive growth of the five seminal roots (SR) and the
location and size of the coleorhiza-epiblast (C-E).
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Table 5. Length of the five seminal roots of 1-day old and 3-day old wheat
seedlings under lAA, lAA + GA, and lAA + Kn treatments.
Root designations and root lengths^ (cm)
X(Y): Day 1 and Day 3
Treatment (10 ^m) Primary Secondary right Secondary left Tertiary right Tertiary left
lAA: 0.08 (0.14) 0.05 (0.09) 0.06 (0.09) 0.005 (0.047) 0.002 (0.045)
lAA + GA: 0.11 (0.19) 0.01 (0.15) 0.01 (0.15) 0.05 (0.11) 0.07 (0.09)
lAA + Kn: 0.09 (0.14) 0.01 (0.10) 0.007 (0.063) 0.05 (0.10) 0.05 (0.09)
Control: 0.50 (1.84) 0.20 (1.51) 0.19 (1.37) 0.13 (0.76) 0.13 (0.56)
®Each number represents average root length from two cultures of seedlings. Ten seedlings sampled
from each culture.
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The secondary right root in the water control also exhibits
extensive elongation throughout the incubation period (1.51 cm at
end of day 3). The extent of secondary right root growth is less at
day 1 under lAA + Kn treatments (0.01 cm) than lAA separate
treatments (0.05 cm). However, secondary right root dimensions
under lAA + Kn treatment are very similar (0.10) cm to those under
separate lAA treatments (0.09 cm) at day 3. Extent of elongation of
the secondary right root under lAA + GA treatments (0.01 cm) is
identical to lAA + Kn treatments at day 1 (0.01 cm). Elongation of
this root is more pronounced at day 3 (Table 5) under lAA + GA
treatments than under lAA + Kn and lAA separate treatments.
Extent of elongation at day 3 in secondary left roots and
secondary right roots is identical (0.09 cm) under separate lAA
treatments (Table 5). Elongation of the secondary left root at day
1 is much less when treated with lAA + Kn (0.007 cm) than when
treated with lAA alone (0.06 cm). Indoleacetic acid (lAA) + Kn
induced pronounced inhibition of the secondary left at day 1
followed by a more rapid rate of growth.
The degree of inhibition by lAA + GA was identical on secondary
right root elongation and secondary left root elongation at day 1
and day 3 (Table 5). Length of the secondary left root at day 1
under lAA + GA treatments is less than the length resulting from lAA
separate treatments at day 1. Table 5 shows a fairly rapid
extension of the secondary left root from day 1 to day 3 under lAA +
GA treatments.
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Indoleacetic acid (lAA), when applied separately, inhibited the
tertiary root system more than the other seminal roots. Length of
the tertiary right root was extremely difficult to measure at day 1.
Strong inhibition of elongation of this root was prevalent at day 3
as well. Extent of tertiary right root growth is greater at day 1
and day 3 under lAA + Kn treatment. Effect of lAA + GA on the
tertiary right root was similar to the effect of lAA + Kn at both
growth stages: day 1 and day 3 (Table 5). Effects of the plant
hormonal treatments on the tertiary left root were very similar to
those effects previously described for the tertiary right root.
CHAPTER V
DISCUSSION
Light microscopic observations of the coleorhiza-epiblast of
wheat at two stages of growth permit a determination of the
predominant growth process of this organ. Cell enlargement was the
growth process observed at day 1 and day 3 during coleorhiza-
epiblast growth. Earlier investigations by this worker indicate
that cell enlargement is prevalent at days 2 and 4 as well. The
size of the coleorhiza-epiblast cells at day 1 under lAA + Kn
treatment were much smaller than those under the control, lAA, and
lAA + GA treatments. The size of these cells increased from day 1
to day 3. This suggests that the stimulation of growth through cell
enlargement by lAA is dramatically inhibited up to an incubation
period of one day, after which its effect on cell enlargement is
demonstrated.
Haber (1962) reported that an inhibitory concentration of lAA
-3
(2 X 10 M) Increased mitotic activity in dormant lettuce seeds when
in the presence of 5 x 10 Kn and inhibited mitotic activity in
the absence of Kn. His results do not contradict those of the
present study when only the first stage of growth (day 1) of the
present study is considered. In other words, the high cell number
and smaller size of the cells of the coleorhiza-epiblast under lAA +
Kn treatment at day 1 in the present study could be the result of a
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stimulation of mitotic activity by lAA rather than an Inhibition of
cell enlargement by Kn. It was determined during the present
Investigation that the cells of the coleorhlza-eplblast are smaller
at day 1 and day 3 when treated with Kn In the absence of lAA. The
Increased size of the cells at day 3 with lAA + Kn treatment
consequently most likely resulted from the effect of lAA.
Therefore, It Is suggested that cell enlargement by lAA under the
lAA + Kn treatment Is Inhibited up to day 1, after which lAA's
effect on cell enlargement Is expressed*
Glbberelllc acid growth promotion by cell division In P^.
vulgaris as reported by Greulach anad Haesloop (1958) Is not demon¬
strated at day 1 and day 3 during coleorhlza-eplblast growth In
wheat, whether In the presence or absence of lAA. The stimulation
of cell division by GA In Meteor pea Internodes (Arney and
Manclnelll, 1966) also contrasts GA's effect on the coleorhlza-
eplblast of wheat. The present study does not corroborate these
findings, nor does It entirely contradict them, for observations
were conducted at two growth stages: day 1 and day 3, and not at
smaller Increments of time over a three day period. Results from
this Investigation do concur with Haber (1962), however. In that
cell enlargement Is the only observed growth process during co-
-3
leorhlza-eplblast growth In wheat when LAA (10 M) Is applied. The
observance of cell enlargement when GA and Kn are combined with lAA
Indicates that the former plant hormones do not appreciably alter
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the growth effect of lAA. The exception is the smaller and oval
cells observed at day 1 under lAA + Kn treatment.
The data (Table 1) on the dimensions of the coleorhiza-epiblast
are in some Instances substantiated and in others contradicted by
the fresh weight and dry weight of the coleorhiza-epiblast under
control, lAA, lAA + GA, and lAA + Kn treatments. The width and
height of coleorhiza-epiblast in the control decrease after day 1,
but fresh weight and dry weight data indicate that there is an
Increase in growth from day 1 to day 3. The decreased dimensions
could be the result of decreased imbibition by the coleorhiza-
epiblast as the latter is raised above the water during root
elongation. The coleorhiza-epiblast remains in contact with the
solution in the hormonal treatments throughout the three day
incubation period. Consequently, dimensions of coleorhiza-epiblast
under lAA, lAA + GA, and lAA + Kn treatments are a result of direct
as well as continuous growth stimulation.
Table 1 indicates that the length, width, and height of the
coleorhiza-epiblast under lAA separate treatment increases
pronouncedly from day 1 to day 3, an Increase decidedly greater than
that under lAA + GA and lAA + Kn. This dimensional increase is
substantiated by the fresh weight and dry weight of the coleorhiza-
epiblast (Tables 2 and 3). This pronounced effect of lAA on
coleorhiza-epiblast growth in wheat supports the findings presented
by Haber (1962).
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Gibberellic acid, when combined with lAA, augments growth in
length of the coleorhiza-epiblast at day 1 (Table 1). Length of the
coleorhiza-epiblast at day 3 under lAA + GA is, however,
significantly less than the length when lAA is applied separately.
This suggests that GA is antagonistic to lAA from day 1 to day 3 and
thus the ability of lAA to induce excessive growth of the
coleorhiza-epiblast is inhibited.
Length, width, and height of the coleorhiza-epiblast under lAA
+ Kn treatment at day 1 were slightly greater than those under LAA +
GA treatment (Table 1), which suggests a more positive interaction
between lAA and Kn up to day 1. Figure Ic (previous section)
indicates a high cell number in the coleorhiza-epiblast tissue at
day 1 under lAA + Kn treatment which could account for the slightly
greater dimensions.
Results indicate that coleorhiza-epiblast growth in wheat
varies according to time and kind of experimental treatment.
Manifestations of growth at one stage of germination may or may not
be present at a later stage of germination.
Results in Table 4 indicate that shoot elongation is inhibited
more pronouncedly by separate treatments of lAA at both day 1 and
day 3 than by control, lAA + GA, and lAA + Kn treatments.
Gibberellic acid (GA), when combined with lAA, counteracts the
inhibitory capability of lAA throughout the three day incubation
period. These results imply that GA interacts antagonisticallly
with lAA during shoot elongation.
31
Indoleacetic acid (lAA) + Kn stimulates shoot elongation better
than lAA separate treatments and lAA + GA treatments at day 1 and
day 3 (Table 4). The extent of elongation at day 3 is decidedly
greater than the extent demonstrated by lAA + GA treatments and lAA
separate treatments, which suggests that Kn strongly counteracts the
inhibitory capacity of lAA on shoot growth. The strong enhancement
of shoot growth in wheat under lAA + Kn treatment could possibly
result from an Increased rate of cell division followed by cell
enlargement. The presence of Kn, however, does not necessarily
dictate an increased rate of cell division that would result in
growth as the degree of increased growth could also be minimal.
Extent of coleorhiza-epiblast growth shown in Table 1 supports this
fact. Comparison of the extent of shoot elongation and coleorhiza-
epiblast growth provides further evidence that identical hormonal
treatments induce various growth responses in wheat.
Inhibition of root elongation in wheat was demonstrated by
-3
exogenous lAA (10 M), which supports the results reported by Haber
(1962) on lAA-induced root inhibition. The degree of primary root
elongation is similar under lAA + Kn treatments and separate lAA
treatments at day 1 and day 3 (Table 5). This similarity of growth
effect suggests that Kn neither augments nor counteracts the ability
of lAA to inhibit primary root growth.
Indoleacetic acid (lAA) + GA effectuated less inhibition of
primary root elongation than lAA + Kn and lAA separate treatments at
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both day 1 and day 3. The fact that, based on the present study,
lAA stimulates growth primarily by promoting cell enlargement (same
as GA's effect) apparently does not dictate that lAA + GA will
effectuate or promote the same pattern of growth in all parts of the
wheat seedling, i.e., extent of coleorhiza-epiblast growth, degree
of shoot elongation, and length of primary root. This versatility
in growth response in different parts of the wheat seedling also
applies when Kn is combined with lAA.
The extent of primary root and secondary root elongation in the
water controls suggests that, physiologically, it is a natural event
for the degree of primary root elongation to be greater than the
degree of elongation shown in the secondary right root. The normal
growth pattern of the wheat seedling (absence of exogenous
hormones) was acknowledged throughout the investigation.
The extent of secondary right root elongation is less at day 1
under lAA + Kn treatments than lAA separate treatments, which
suggests that Kn augments the root inhibitory capacity of lAA up to
day 1. Augmentation of inhibition on the secondary right root is
also shown by GA when it is combined with lAA. Observation of
hormonal effects in a biological system at two stages of growth
facilitates detection of different effects at different times by the
same hormone.
A synchronous growth rate is demonstrated by the secondary
right root and secondary left root. Extent of elongation in both
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roots is identical under separate lAA treatments (Table 5). There
is a pronounced inhibition of elongation in the secondary left root
up to day 1 under lAA + Kn treatment (Table 5). This growth
response, when compared to that in the lAA separate treatments,
reflects an augmentative interaction between lAA and Kn up to day 1
on the secondary left root elongation.- Augmentation decreases
tremendously from day 1 to day 3, resulting in an extent of growth
that coincides with that induced by lAA separate treatments on this
particular root.
The degree of inhibition by lAA + GA was Identical on both
secondary right and secondary left root elongation at day 1 and day
3. Gibberellic acid (GA) appears to increase the inhibitory
capacity of lAA up to day 1, based on the observation that length of
the secondary left root is less at this stage of growth than the
length induced by lAA separate treatments. Therefore, GA interacts
augmentatively with lAA up to day 1 on elongation of the secondary
left root. This kind of Interaction reverses from day 1 to day 3,
resulting in a fairly rapid extension of the secondary left root.
Indoleacetic acid (lAA), when applied separately, inhibited
elongation of the tertiary root system more than the other seminal
roots (Table 5). Extent of tertiary right root elongation and
tertiary left root elongation is similar at day 1 and day 3 under
lAA + Kn treatments and lAA + GA treatments. Furthermore, the
degree of tertiary root elongation at day 1 and day 3 is greater
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than that shown by lAA separate treatments. This observation infers
that a decreased inhibitory effect is exhibited by lAA when Kn and
GA are present, and, consequently, a stimulatory effect is




1. The coleorhiza-epiblast of 1- and 3-day old wheat seedlings
grows by by cell division and promounced cell enlargement when
-3
treated with 10 M solutions of lAA, lAA + GA.
2. The rate by which lAA + GA and lAA + Kn induce coleorhiza-
epiblast growth in wheat is greater up to 24 hours than the rate
induced by lAA separate treatments.
3. The gross dimensions of the coleorhiza-epiblast are greater up
to 24 hours than the rate Induced by lAA separate treatments.
By 72 hours, dimensions of this organ under lAA separate
treatment surpass those under lAA + GA and lAA + Kn treatments.
4. Shoot elongation, by the third day of wheat germination, is
inhibited under lAA separate treatments, less inhibited under
lAA + GA treatments, and highly stimulated under lAA + Kn
treatments.
5. Extent of inhibition of primary root elongation by the third day
of wheat germination was the same in lAA separate treatments as
well as in lAA + Kn treatments. Aside from controls, lAA + GA
demonstrated less inhibition of primary root elongation.
6. GA and Kn augment lAA's inhibitory effect on secondary right and
secondary left root elongation up to 24 hours. This
augmentation decreases from 24 hours to 72 hours.
7. lAA + Kn and lAA + GA are less inhibitory than lAA alone during
tertiary right and tertiary left root elongation.
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